Measurements of total magnetic force and electric self-potential were performed at the joint observation of the explosion seismic experiment made at Ohtaki Village in Nagano Prefecture in Japan. The explosion was induced by 86 kg of gunpowder placed at a depth of 68 m. We observed an increase in total magnetic force of 3 nT at explosion time, at a point 33 m from the explosion point. Increase in the self-potential from 2 to 10 mV was also observed between the electrode couples, which were 60 m apart. These induced changes did not recover to their former levels during the hour following the explosion. The changes may have been caused by the physical stress and/or the fracture. Explanations of the mechanism for the large induced changes are attempted from the aspect of the movement of groundwater, change of remanent magnetization and the effect of steel casing. The area around the explosion experiment is the aftershocks region of the 1984 Western Nagano Prefecture Earthquake (M=6.8) and an active fault runs near the studied area (Kobayashi et al., 1985) . The active fault zone has the specific structure in electromagnetic properties which may have enhanced the observed changes at the explosion.
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. Introduction
There have been several studies about the changes of electromagnetic properties at the explosion seismic experiment since the work by Hasbrouck and Allen (1972) . The purpose of these studies is to detect the effect of artificial stress and/or fracture on the electromagnetic properties.
Two of such studies have been reported in Japan. Tajima et al. (1976) observed a decrease in magnetic total force of between 0.6 to 0.7 nT coincident with the explosion of 450 kg of dynamite performed at Izu-Oshima Island. Yamada and Murakami (1982) observed a fluctuation in electric self-potential of a few mV at an explosion of 120 kg Fig. 1 . Map of the area in Ohtaki Village, where the explosion seismic experiment was made. AMO in the right figure is the Nishiamo station of geomagnetic total force. Double circle shows the epicenter of the 1984 Western Nagano Prefecture Earthquake. Dotted line near the explosion point is the active fault zone estimated by Kobayashi et al. (1985) . Explosion seismic experiment was made at the point S-2 (star mark). The self-potential in line-B was scaled over at the explosion. (Fig. 1) . The data of Ohtaki include the high-frequency fluctuation of 1 nT amplitude while the data from Amo station are smoothed by averaging over time. The major trends of change coincide between the both records except around the explosion time. This common trend is the change of geomagnetic total force of extra-terrestrial origin. It indicates that the measurement system worked well and also that the increment of 3 nT is not caused by the abrupt change of geomagnetic force.
Electromagnetic Properties of This Region
We investigated the electromagnetic properties of the area around the explosion point, 1 month after the explosion experiment.
The directional dependence of electric self-potential in this area was measured (Fig.  6 ). The arrow shows the direction of potential difference (self-potential) in each line. Length of the arrow represents the amplitude of self-potential. The resultant vector analysis of arrows suggests that the largest (preferred) self-potential of this area is in to the explosion point (Fig. 6 ). This seems to be agreeable with the observed result that the self-potential change in line-B is five times larger than that of line-A. We moved the electrodes; however, any distinct change of self-potential was not observed: this supports that the movement of the electrodes will not induce the observed effect in self-potential. As shown in Fig. 6 , the preferred direction of self-potential in the studied area is almost parallel to line-B. The results suggest that the larger induced potential in line-B than in line-A at the explosion is caused by the anisotropic feature of self-potential in the studied area. Then, we conclude that the local movement of electrodes or the change of water content around the electrodes might not cause the observed change in self-potential at the explosion. The magnetic gradient around the proton sensor was very small. We supported the sensor firmly, so that the movement of the sensor is very little. Even if the sensor had moved 10 cm, the field value would not have changed by more than 1 nT. That is, the movement of the sensor does not produce the observed increment of total magnetic force.
Accordingly, we conclude that the changes of the electromagnetic properties were induced by the effect of underground. The possible causes for the large changes are considered in the following.
Change of electric self-potential
The studied area was around the active fault zone (Kobayashi et al., 1985) . An active fault zone is usually rich in water underground. It had been raining at the Ohtaki area since 4 h before the explosion time. Some movement of underground water in saturated soil may have been induced by the explosion. Mizutani et al. (1976) suggest that the flow of the conductive electric material induces an increase in electric selfpotential. The process is known as the electrokinetic effect. This principle is applicable to the flow of underground water. The propagation of water from the explosion point and the water-rich condition of the soil may have disrupted underground water flow from the pressure imposed at the explosion. Accordingly, the induced underground water flow might increase the electric self-potential.
Change in the magnetic total force
Both the magnetic total force and self-potential changed together at the explosion. Induced self-potential in a wide area may produce the change in magnetic total force (Murakami, 1989) . Then, the flow change of groundwater is the possible common cause for the observed changes in magnetic and electric properties. It is difficult to estimate the volume of the area where the self-potential changed, so that we did not examine that the induced self-potential from 2 to 10 mV may increase the 3 nT of the magnetic force. Further detailed study is necessary to know whether the change in magnetic force depends on the inducement of self-potential or not.
We examined the other possible mechanisms for the observed magnetic change: i.e., (1) the steel casing effect and (2) the change of magnetization.
Steel casing effect
The casing (steel pipe) of the diameter of 2-4 inches was placed at the depth from 1.2 to 400 m in order to set the gunpowder. The contour map of the total intensity ( Fig. Fig.  8 . Then, the apparent magnetic field of F', resultant component of f0, and fm' becomes larger than F. Nagata and Kinoshita (1965) showed that the magnetic total force at the surface may change by 1 to 10 nT if the PRM of the order of 10-4 bar-1 is induced in the sequence underground widely. When the shock is imposed to the rocks in a quick short period, the remanent magnetization similar to PRM may be acquired. Nagata (1971) named it as the SRM (shock remanent magnetization). Remanent magnetizations of the shale from the drilled core at the explosion point were measured. They showed the reversed polarity with the intensity of 10-3 mA2/kg. If there is a layer with reversed polarity and the remanence of the layer was broken and/or decreased according to the acquisition of PRM (SRM), the magnetic force at the surface may increase. Figure 9 illustrates this process. That is, along with the effect of steel casing, the change of magnetization in the underground sequence is also responsible for the observed change in the magnetic force.
Magnetic property around the fault zone is usually inhomogeneous and may be changeable at the stress. It may have enhanced the change of magnetization underground at the explosion in this study.
We have not yet calculated the contribution of the above-mentioned mechanisms to the observed changes. To know the details with quantitative analysis, more studies with the explosion seismic experiments at the active fault zone will be necessary. observed at the explosion experiment. 2. These changes did not recover during the 1 h period after the explosion. 3. Several mechanisms were examined to explain the observed changes. The induced groundwater flow at the explosion is a possible cause for the induce of self-potential which may be responsible for the change of magnetic force. Other causes for the observed magnetic change independent from the self-potential were examined from the aspects of magnetization underground and steel casing. Change of magnetization such as the acquisition of PRM (SRM) and the reduction of reversed component may increase the magnetic force at the explosion.
As the studied area is an aftershock region (active fault zone), the inhomogeneous structure of electromagnetic property at the fault zone may have enhanced the induced changes in this study.
We did not determine the exact cause for the observed electromagnetic change at the explosion seismic experiment in this study. Further electromagnetic studies at the explosion experiment will be necessary to determine the cause and for the quantitative analysis.
